INTRODUCTION
Brazil has one of the largest vegetal diversities in the world (Amaral & Fierro 2013) , as well as huge native fruit trees with genetic heterogeneity, particularly in the southern region, where the Myrtaceae family includes many fruit producing species that are exotic and unknown to a large part of the population.
Fruits of this species have dark colors and variations in smell and flavor, standing out those of the jabuticaba tree (Plinia spp.) as a non-traditional tropical fruit (Rufino et al. 2010 ). This species is distributed all over the country, from the Pará to the Rio Grande do Sul state, but the main production states are São Paulo, Rio de Janeiro, Minas Gerais and Espírito Santo (Franco et al. 2010 ). In the southwest of the Paraná state, specifically in the Araucaria
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forest ecosystem, jabuticaba trees occur naturally (Danner et al. 2010 ).
The jabuticaba species P. trunciflora (DC) Berg, P. cauliflora (DC) Berg. and P. jaboticaba (Vell) are already well-known (Mattos 1983) , but some of the commercialized plants are named as 'Híbrida' and classified as P. cauliflora (Lorenzi et al. 2006) . These plants show desirable characteristics such as a smaller size, reduced juvenile period, fruits with excellent organoleptic qualities and the potential to fruit up to five times a year, depending on climatic conditions and management (Kinupp et al. 2011) .
Jabuticaba fruits are considered very acceptable by consumers due to their sensorial characteristics, and they show a great potential (Vernier & Cardoso 2013) for commercialization and consumption. There is a number of interesting biochemical elements found in these fruits, such as anthocyanin, phenolic acid, 2. Universidade Tecnológica Federal do Paraná, Pato Branco, PR, Brasil. E-mails: eng.agr.carloskosera@gmail.com, alexandrehackp@gmail.com, marcielidasilva@hotmail.com, julianaradaelli@gmail.com, americowagner@utfpr.edu.br.
Brazil is one of the countries with the greatest vegetal diversity in the world, especially for the Myrtaceae family, to which the jabuticaba tree belongs. Its fruits are of great acceptability, but it is little explored commercially, because it takes a long time to reach the production stage. This study aimed to evaluate the vegetative and reproductive behavior of hybrid jabuticaba trees under flowering induction treatments. A randomized block design was used, with the following treatments: calcium carbide, etefon, paclobutrazol, daily irrigation management and control. Growth and reproductive development data were evaluated. For vegetative growth, there was no difference among the treatments, demonstrating no negative effect. On the other hand, paclobutrazol showed to be the most promising treatment, because it anticipates flowering, is effective in induction and results in a higher production.
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Comportamento vegetativo e reprodutivo de jabuticabeira híbrida sob indução de florescimento O Brasil é um dos países com a maior diversidade vegetal do mundo, com destaque para a família Myrtaceae, à qual pertence a jabuticabeira. Seus frutos são de grande aceitabilidade, mas é pouco explorada comercialmente, pois demora a entrar em produção. Objetivou-se avaliar o comportamento vegetativo e reprodutivo de jabuticabeira híbrida submetida a tratamentos de indução de florescimento. Adotou-se delineamento em blocos casualizados, com os seguintes tratamentos: carbureto de cálcio, etefon, paclobutrazol, manejo diário de irrigação e controle. Foram avaliados os dados de crescimento e desenvolvimento reprodutivo. Para crescimento vegetativo, não houve diferença entre os tratamentos, demonstrando não haver efeito negativo. Já o paclobutrazol mostrou-se o mais promissor, por antecipar o florescimento, ser efetivo na indução e apresentar maior produção. PALAVRAS-CHAVE: Plinia spp.; Myrtaceae; paclobutrazol.
flavonoids, salicylic acid, ellagic acid, gallic acid, gallocatechin and antioxidants, which help to protect humans against free radicals and prevent cancer (Vieira & Ferreira 2013 , Lage et al. 2014 , Lucena et al. 2014 . However, despite these positive qualities, there has not been extensive commercial exploration of this fruit in orchards, as most fruits are obtained by extractive activity (Malagi et al. 2012) . The absence of information about commercial management suggests an inadequate production, thus generating a negative multiplier factor. Therefore, to increase cultivation, research on species domestication is crucial (Salla et al. 2015) , particularly regarding flowering induction techniques.
The main blossoming of the southern jabuticaba native plant occurs between August and November, with fruit ripening up to December, but flowering also occurs in January or February, with fruit ripening up to April (Vieira & Ferreira 2013) , showing a concentrated production in a short period. Due to the multiple flowering periods, flowering control is necessary to provide the off-season fruit production, establish production and commercialization logistics, attract commercial interest and enable an increase in the fruits price.
To achieve these goals, some techniques may be used to avoid the need for climatic conditions. For example, growing controls (bioregulators) are successfully used to enhance production (Sridharan et al. 2015) or induce flowering and increase the productivity of other species (Upreti et al. 2014) . Bioregulators are a kind of synthetic chemical compost used in agriculture to modify morphological and physiological characteristics and to promote or suppress vegetative development (Leite & Crusciol 2008) . In woody angiosperms, the use of bioregulators directly influences the vegetative and reproductive growth, since some of them block the gibberellin biosynthesis, a hormone that promotes cell stretching and meristem division (Moraes et al. 2014) , while other bioregulators are ethylene precursors (Cunha 2005) .
The bioregulators that are most common and well understood are calcium carbide (Brescasin et al. 2013) , ethephon (Cunha 2005 , Schmidt et al. 2009 , Moraes et al. 2012 ) and paclobutrazol (Cavatte et al. 2012 , Moraes et al. 2012 , Oliveira et al. 2012 , Moraes et al. 2014 . These chemicals are largely used to promote flowering in mango trees (Mangifera indica) (Cardoso et al. 2007 , Akram et al. 2013 , apple trees (Malus domestica) (Schimidt et al. 2009 ), grapevines (Vitis sp.) (Costa et al. 2016) , olive trees (Olea europaea) (Fernandez-Escobar et al. 1992 , Oliveira et al. 2012 , banana trees (Musa sp.) (Cavatte et al. 2012) , acid lime trees (Citrus latifolia Tanaka cv. 'Tahiti') (Cruz et al. 2009 ), pineapple (Ananas comosus) (Maruthasalan et al. 2010 , Kist et al. 2011 ) and other ornamental species (Moraes et al. 2012 , Brescasin et al. 2013 . Despite the good results obtained with these other species, these products are not used in native fruits yet, especially in jabuticaba tree.
It has been empirically observed that flowering occurs after pruning or continuous irrigation. Therefore, if bioregulators are correctly used, this may provide a longer period to fruit harvest, allowing the establishment of commercialization strategies, such as producing fruits off-season (Kist et al. 2011) , when the prices may reach higher values (Ataíde et al. 2006) . Given all that, this study aimed to evaluate the vegetative and reproductive behavior of hybrid jabuticaba tree under flowering induction in orchards.
MATERIAL AND METHODS
The research was developed at the Universidade Tecnológica Federal do Paraná, in Dois Vizinhos (25º41'49.47"S and 53º5'41.46"W), Paraná state, Brazil, from January to November 2014. During the experimental period, the temperature and average rainfall data were collected from a weather station located 300 m from the experimental site.
All plants were bought at a local store and were approximately four years old (adult-juvenile transition ontogeny age), with an average height of 1.20 m. They were put into plastic pots (25 L capacity) with MecPlant ® commercial substrate and subjected to a drip irrigation system providing approximately 2 L of water plant -1 week -1 . A randomized block experimental design was adopted, with eight replications of three plants each, totaling 120 plants. The treatments used were calcium carbide, ethephon and paclobutrazol, daily watering and control. The products were applied at two different times, the first in January and the second in March.
As an ethephon source, 100 mL of Ethrel ® solution (0.4 mg L -1 of a.i. indicated to mango tree) were sprayed all over the tree (trunk, branches and leaves). Paclobutrazol was applied in a liquid solution at a rate of 0.8 g of a.i. per tree proportion (indicated to mango tree) on the soil, close to the trunk. Calcium carbide was applied in a solid form (2 g per tree), inside a plastic hood (made with plastic bottles), followed by watering to provide hydrolysis and acetylene release. A watering can with a sieve was used for daily watering treatments, which always occurred in the afternoon (2 L of water per day per tree). Watering was not applied when it rained.
The tree height, trunk diameter, sprout length, number of leaves, epidermis renewal, flowering, number of flowers per tree and monthly flowering were evaluated.
To measure the vegetative growth, the tree height was evaluated with a measuring tape, and the trunk diameter was measured with calipers, using the difference between the measurements taken before the application, after the application and at the end of the trial. The number of sprouts and leaves were counted and differentiated by reddish coloration, and the shoot length was measured with a graded ruler. On each plant, 20 shoots with dormant buds were randomly selected and followed to total development. The epidermal renewal was visually evaluated by the detachment of the epidermal tissue from the trunk and branches, and was represented as the monthly percentage of plants that presented this characteristic.
Regarding the reproductive behavior, the number of days that elapsed between the application of the products and the appearance of the first reproductive structures was determined. The percentage of plants with reproductive structures, number of structures per plant and production were also evaluated. At 118 days after the product application, the data were collected for these variables when the first floral structures were observed, and data collection continued monthly until the end of the experiment.
The Pearson's correlation was applied for all variables, including climatic data, to evaluate their relationship. All data were submitted to the Lilliefors normality test. For the number of leaves, no changes were required; plant height, trunk diameter and epidermal detachment data were transformed by arc sen √x/100; data on monthly and annual sprouts, shoot length and the percentage of plants with flowers were transformed by log (x + 1); and the number of reproductive structures was transformed according to √x + 1. These transformations were necessary to adapt the data to the residual normal distribution assumption. Subsequently, the data were subjected to variance analysis and the means were compared by the Duncan test (α ≤ 0.05), performed with the Sanest ® software (Zonta & Machado 1984) .
RESULTS AND DISCUSSION
The vegetative growth behavior, which was analyzed by height and trunk diameter of the flowering-induced hybrid jabuticaba trees, did not show a significant difference with the bioregulator use, but the epidermal detachment presented contrasting values (Table 1) .
The use of induction treatments on the hybrid jabuticaba trees did not affect the diameter growth in a negative or positive way. This result differed from other studies, in which ethephon had no effect on the Eucalyptus grandis growth, but paclobutrazol did (Moraes et al. 2012 ) on the Eucalyptus growth after 16 months (Moraes et al. 2014 ). When paclobutrazol is applied on the soil, its effects on growth can be observed over a longer period of time for some species (Oliveira et al. 2012) , such as cherry trees (Prunus avium) (Facteau & Chestnut 1991) and olive trees (Fernandez-Escobar et al. 1992 ). It may be that growth reduction takes place during later years, and this reduction may eventually occur in the jabuticaba tree as well, since its annual growth is slow.
The ethephon treatment provided a greater trunk and branch epidermal detachment, when compared to other inductors (Table 1) . Ethephon is widely used in agriculture to release ethylene, which causes diverse alterations in cellular functions (Taiz & Zeiger 2004) . It is absorbed and translocated from all parts to the cells cytoplasm (Moraes et al. 2012) , where it is degraded, releasing ethylene, calcium chloride and phosphate ions (Cunha 2005) . Considering that ethylene is a stress hormone, its impacts are unknown for species such as Plinia spp., but the data clearly shows an effect on the epidermal detachment from the trunk and branches. The number of sprouts and leaves emitted during the growing season were not significantly different between the treatments ( Table 2) , showing that none of the treatments negatively affected the plant development, at least in the first cycle after the application. It was expected that paclobutrazol would inhibit the vegetative growth, as it acts on the gibberellin synthesis, a substance responsible for growth, as well as flowering inhibition (Mouco et al. 2010) ; however, this did not occur to the jabuticaba trees. Similar results were reported for apple trees, which did not express a significant difference between the paclobutrazol treatment and the control (Zhang et al. 2016) .
Ethephon showed a statistical superiority for shoot length (Table 2 ). The highest development of sprouts was also observed on grapevines after the application of ethephon (Fracaro & Pereira 2004) . Ethylene has many functions, depending on the concentrations present (Almeida & Rodrigues 2016) , and reactions vary between plant species (Taiz & Zaiger 2004 ). An example is irrigated rice (Oryza sativa), where an increase in the ethylene concentration results in a decrease in the level of endogenous abscisic acid, and this decrease is antagonistic to gibberellin, since the reduction of one implies the increase of the other (Kende & Zeevaart 1997) . Therefore, it is believed that ethephon provides the greatest shoot length due to the altered hormonal balance in hybrid jabuticaba tissues.
The most promising treatment for hybrid jabuticaba trees is paclobutrazol, because it presented much higher averages than other treatments, including the number of reproductive structures per plant, percentage of plants with flowering, number of fruits and blooming anticipation (Table 3) .
The anticipation of a productive cycle is extremely important, since fruits supplied offseason provide better prices (Ataíde et al. 2006) . Paclobutrazol promoted flower production at 131 days after induction, while the other treatments showed flowering 94 days later (Table 3) . This difference is probably due to the inhibition of gibberellin biosynthesis, a hormone responsible for growth and antagonistic to flowering induction (Zhang et al. 2016) . The use of triazol reduces plant growth and development (Kondhare et al. 2014 , Zhang et al. 2016 , and the carbohydrates produced that are not used for growth are redirected to flowering induction (Upreti et al. 2014) .
Mango trees treated with paclobutrazol required little more than 80 days for visible flowering, but, in the control treatment, this was observed after 116 days (Yeshitela et al. 2004) . Similarly to other species, the use of paclobutrazol on the hybrid jabuticaba trees anticipated flowering in 95 days, which was less than the number of days for visible flowering with the other treatments (Table 3) .
Paclobutrazol induced monthly flowering in more than 65 % of the jabuticaba trees, while the other treatments induced monthly flowering in only 4 % of the trees. In addition, this treatment gave rise to a greater number of reproductive structures (73.38), while the other inductive treatments had less than two structures per plant. In mango trees (Cardoso * Averages followed by distinct letters differed by the Duncan's test (α ≤ 0.05);
ns not significant by the F test (p ≤ 0.05). Table 2 . Number of shoots, shoot length, annual number of shoots and number of leaves per shoot of hybrid jabuticaba trees, at 170 days after the application of the flowering inducing treatments. (Zhang et al. 2016) , the same result was observed, where paclobutrazol presented a greater number of flowers. This occurs due to the decrease in the endogenous levels of gibberellins and the increase of cytokinins (Burondkar et al. 2016) . The gibberellin synthesis inhibition is related to reproductive stage stimulation, resulting in early initiation of the floral buds (Moraes et al. 2014) . During four evaluation periods (191 to 248 days after the treatments application), more than 90 % of the hybrid jabuticaba trees treated with paclobutrazol exhibited flowering, and 50-70 % of the plants in the second and third evaluations showed flowers as well (Table 4) .
Paclobutrazol treated plants showed higher amounts of starch in the leaves, as well as an increase in the soluble sugars such as sucrose, glucose and fructose in the buds, significantly influencing the carbohydrate balance in these tissues (Upreti et al. 2014) , what may have also occurred with the hybrid jabuticaba trees and triggered them to flower.
All paclobutrazol treated jabuticaba trees had reproductive structures at 211 and 224 days after the product application (Table 4) , while, with the other treatments, no more than 11 % of the trees had reproductive structures. It was observed that paclobutrazol affects persistence for flowering stimulation, since the highest percentage of plants with reproductive structures occurs between 163 and 248 days, more specifically at 199 days after the product application (Figure 1) . In other periods, higher values were always observed with paclobutrazol, when compared to the other treatments (Figure 1 ). * Averages followed by distinct letters, lowercase in the column and uppercase in the row, differed by the Duncan's test (α ≤ 0.05). Daily watering, empirically reported as a flowering-inductor for jabuticaba trees, did not show any effects, especially when compared to the paclobutrazol treatment (Figure 1) , perhaps because young plants were used. This treatment should be evaluated in subsequent years.
DAA
Fruit production was inadequate, because it was the first productive cycle. However, the production occurred off-season, a period without fruit production in the native jabuticaba tree. The paclobutrazol treatment presented the shortest period between the application and the first reproductive structures arising, as well as a greater number of fruits produced (Table 3) , with approximately sixty times more fruits per plant, in relation to the control. This effect is desirable for any crop, because it may reduce the time needed to achieve a productive cycle with greater fruit production.
A significant correlation was observed between epidermal detachment and trunk diameter and precipitation, as this behavior tends to occur in larger diameter trunk plants or in periods with higher precipitation (Table 5 ). The epidermal detachment is very common in Myrtaceae, but, in plants with a larger diameter, this phenomenon may be related to the renewal of this tissue due to lateral growth, and, for rainy periods, the stress caused by lower radiation makes the tissues to become more turgid, leading to detachment. Ethephon yielded the highest percentage of plants with epidermal detachment (Table 1) , although it was not correlated to the flowering stimulus (Table 3) .
As expected, the fruit production had a negative significant correlation with the growth variables (Table 5) ; therefore, lower diameter and height growth can provide favorable conditions for fruiting, since carbohydrates can be used for fruit production rather than vegetative growth (Kondhare et al. 2014 , Upreti et al. 2014 , Zhang et al. 2016 ).
The trunk diameter and plant height had a positive significant correlation, but higher temperatures led to growth development, while precipitation had a negative influence. This is explained because higher precipitation levels result in lower temperatures within a given period.
There is a great potential to increase the commercial availability of the hybrid jabuticaba tree fruits, because the use of a paclobutrazol bioregulator to obtain fruiting off-season has been successful. By carrying out research and seeking to understand how to manage the cultivation of jabuticaba trees, the current scenario of this neglected species can be improved.
CONCLUSIONS

Paclobutrazol improves the reproductive period
by increasing flowering and fruiting; 2. Ethephon induces a higher sprout growth and epidermal detachment, but has no effect on flowering; 3. Daily irrigation do not induce flowering in the hybrid jabuticaba tree. Table 5 . Pearson's correlation between plants in production (PP), epidermal detachment (ED), trunk diameter (TD), plant height (PH), temperature (T) and precipitation (P).
